(yellow-bellied marmots, Marmota flaviventris; chimpanzees, Pan troglodytes) (Blumstein, Chung, & Smith, 2013; Paquette, 1994) , reproductive success (Belding's ground squirrel, Urocitellus beldingi) , and survival (horses, Equus caballus; brown bears, Ursus arctos; mountain goats, Oreamnos americanus) (Cameron, Linklater, Stafford, & Minot, 2008; Fagen & Fagen, 2009; Théoret-Gosselin, Hamel, & Côté, 2015) . However, not all play behavior is associated with demonstrated long-term benefits: meerkat (Suricata suricatta) play is not associated with any enhanced cohesion, reduced aggression, dispersal partnership or fighting success (Sharpe, 2005a (Sharpe, , 2005b (Sharpe, , 2005c Sharpe & Cherry, 2003) . Social play may derive different benefits both between species (Pellis & Pellis, 2017) and within a species (Marks, Vizconde, Gibson, Rodriguez, & Nunes, 2017) . Understanding the proximate benefits of play will create a more complete picture of the mechanisms by which the ultimate benefits are achieved. Martin and Caro (1985) suggest that play can accelerate development and lead to motor and social benefits.
Subsequently, faster achievement of developmental milestones could have strong social and reproductive benefits. For example, among rhesus macaques, early rearing conditions and foot-clasp mounting behavior as a juvenile were strong determinants of adult mating success (Goy & Wallen, 1979) .
The following adaptive functional hypotheses for play are not mutually exclusive and may be more relevant at different points during development.
| Motor benefits
Play has been hypothesized to be involved with motor learning and development (Bekoff, 1988; Byers & Walker, 1995) , given that play is most frequent among immature individuals (Fagen, 1981) and coincides with neuromuscular development. For example, the frequency and intensity of locomotor play was related to earlier achievement of motor skills in immature male Assamese macaques (Macaca assamensis) (Berghanel, Schulke, & Ostner, 2015) . Also, the amount of social play and number of play partners, especially in males, was related to improved motor skills in Belding's ground squirrels (Nunes, Muecke, Sanchez, Hoffmeier, & Lancaster, 2004) . Additionally, children (Fantuzzo, Sekino, & Cohen, 2004; Pellegrini & Smith, 1998) and marmosets (Callithrix jacchus jacchus) (Chalmers & Locke-Haydon, 1984 ) that engaged in more social play had better movement and coordination skills.
| Social benefits
Social play behavior is also associated with various social benefits including social competence, establishing dominance, and reproductive success (Graham & Burghardt, 2010; Poirier & Smith, 1974) . Rats (Rattus norvegicus) (reviewed in Pellis & Pellis, 2009 ) and rhesus monkeys (Deutsch & Larsson, 1974; Kempes, Gulickx, van Daalen, Louwerse, & Sterck, 2008) raised in isolation (or with limited social interaction during development) as juveniles were overly aggressive during social interactions with conspecifics as adults. Findings regarding the role of play and social dominance have been mixed; in captive adolescent chimpanzees (Paquette, 1994) and yellow-bellied marmots (Blumstein et al., 2013) , there was a relationship between social play winners and dominance formation, while in meerkats, play fighting did not predict later fighting success (Sharpe, 2005c) . In terms of reproductive success, demonstrated that female Belding's ground squirrels that played more were more likely to successfully reproduce as yearlings. However, assessing long-term social benefits such as reproductive success becomes exceedingly difficult to measure in long-lived animals, including social primates.
| Training for the unexpected
The training for the unexpected hypothesis posits that a predominant ancestral function of play is to rehearse behavioral sequences under safe conditions in which animals will purposefully lose control of the situation (Spinka, Newberry, & Bekoff, 2001) . Animals learn how to improvise their behavior to recover quickly from atypical body positions and movements. The training for the unexpected hypothesis makes motor and social predictions; most notably that play: (i) results in an increased versatility of movements used to recover from losing balance or control and (ii) enhances the ability of animals to cope with unexpected situations, including a less pronounced physiological response to a stressor (Spinka et al., 2001) . Numerous examples are seen across species and play contexts, for example, object play drop and catch behavior in herring gulls (Larus argentatus) (Gamble & Cristol, 2002) ; disorienting movements of headshaking during both solitary and social play in Hanuman langurs (Semnopithecus entellus) (Petru, Spinka, Lhota, & Sipek, 2008) , and self-handicapping behavior during social play in dogs (Canis familiaris) (Bekoff, 1995) ; rats (Pellis, Pellis, & Bell, 2010) ; squirrel monkeys (Samiri) (Baldwin & Baldwin, 1974) ; baboons (Papio anubis) (Owens, 1975) ; and chimpanzees (Goodall, 1986; Hayaki, 1985; Mendoza-Granados & Sommer, 1995) . Practice during play could potentially lead to more proficient motor and social skills with the ability to most appropriately respond to variable and unpredictable situations (Spinka et al., 2001 ).
| Chimpanzee play
In primates, play is one of the first behaviors that occurs in infants beyond interaction with mother (Poirier & Smith, 1974) . Chimpanzee infants primarily engage in social play with their mothers during the first months of life (Goodall, 1968) . Then, within a few months, infant chimpanzees break contact with their mothers and begin to engage in solitary and social play, with about half of all dyadic play being with other infants (Heintz, 2013) . Social play varies during development with infants engaging in more rough and tumble play and juveniles engaging in more complex and innovative social play (Cordoni & Palagi, 2011) . Primates have an extended juvenile period, which is associated with critical social and environmental learning (Joffe, 1997) . In particular, social play is positively associated with brain size in primates, indicating an important role in cognition and development (Lewis, 2000) . Bonobos (Pan paniscus), which have an extended developmental period compared to chimpanzees (Wobber, Wrangham, & Hare, 2010) , receive numerous immediate and delayed benefits from their play (Palagi & Cordoni, 2012) . These patterns of the complexity of play being positively correlated with the length of the juvenile period are also observed in rodents (Pellis & Iwaniuk, 2000) .
Additionally, social play is associated with social behavioral flexibility in primates (Montgomery, 2014) .
Here, we examine the relationship between social play and developmental milestones in wild chimpanzees using a detailed longterm dataset of mother-infant behavior from the Kasekela community in Gombe National Park, Tanzania. We predicted that higher rates of social play would be associated with earlier achievement of social and motor developmental milestones for infant chimpanzees.
Chimpanzees live in fission-fusion social systems enabling individuals to interact with a wide variety of social partners in different contexts. Males are characterized by a linear dominance hierarchy that correlates with reproductive success (Boesch, Kohou, Néné, & Vigilant, 2006; Newton-Fisher, Thompson, Reynolds, Boesch, & Vigilant, 2010; Wroblewski et al., 2009 ). Adult and adolescent eastern chimpanzee males are more social than females and usually travel and forage with other males, while adult females travel in small groups with dependent offspring (Wrangham & Smuts, 1980) . Infants remain in relatively constant contact with their mothers until around 6 months of age and are partially nutritionally dependent on their mother throughout infancy until weaning between 3-5 years of age (Goodall, 1986) . After weaning, juveniles continue to associate with their mothers almost exclusively (Pusey, 1983 (Pusey, , 1990 . Time spent in association with the mother drastically declines upon onset of adolescence (8-12 years of age), coinciding with the onset of sexual cycling in females and puberty in males around 8-9 years of age (Pusey, 1983 (Pusey, , 1990 . In adulthood, males form stronger intrasexual alliances and social bonds than females do (Gilby & Wrangham, 2008; Mitani, 2009 ), aiding in the acquisition and maintenance of social dominance. Nevertheless, some related and unrelated females also develop strong social bonds (Foerster et al., 2015) , which may be critical to successful integration into a new community. Therefore, for both sexes, there is potential adaptive value in developing early social skills.
We examined developmental milestones related to motor development, including riding dorsally on the mother and independent traveling. We also examined developmental milestones related to social development, including spatial independence from the mother, first grooming an individual beyond the immediate family, and the emergence of male mating behavior. Studies on the wild chimpanzees inhabiting this area began in 1960, and observational research continues to the present (Goodall, 1986; Wilson, 2012) . The Kasekela community was the focus for the analyses reported here. The average community size was 54 individuals (range 41-69) with 13 infants (0-5 years; range 9-18), 4 juveniles (5-8 years; range 2-9), 6 adolescents (8-12 years; range 2-11), and 30 late adolescents and adults (>12 years; range 21-40).
| Behavioral data collection
This study includes long-term behavioral data that have been collected on chimpanzee mothers and dependent offspring in Kasekela from 1978 to 2011. Briefly, this standardized dataset includes instantaneous scan sampling (Altmann, 1974) at 1-min intervals on the mother, infant, and next oldest sibling (when present). On each scan, researchers record each individual's behavior and the distances of the individuals from one another. Scans were recorded as a "bad observation" if a focal animal was out of view or if the behavior was uncertain. Average daily observation time on focal individuals during the study period was 3.7 hr (range 1-11.5 hr). For analyses presented here, we used behavioral definitions from the Gombe chimpanzee glossary (the Jane Goodall Institute, unpublished records, Lonsdorf et al., 2014) that are similar to other chimpanzee ethograms (Nishida, Kano, Goodall, McGrew, & Nakamura, 1999) . We focused on social play because we were interested in the possible effects of play on both physical and social development milestones. We focused on the following behaviors that have been consistently recorded in the long-term dataset:
1. Social play-Non-aggressive interaction between two or more individuals that includes one or more of the following: tickling, wrestling, chasing, kicking, rubbing, thrusting, biting, or pulling. May incorporate an object (e.g., tugging of sticks back and forth).
2. Riding dorsally-The infant is transported as it lies or sits on the mother's back. Additionally, all individuals present in the group were identified to determine party composition every 5 min. A party is defined as a subgroup of individuals that travels, forages, and/or rests together.
Play data were examined for individuals ranging from 1 to 3 years of age, when social play peaks (Heintz, 2013) . In total, we included behavioral data on 31 infant chimpanzees, although sample size varied based on analyses (described below).
In addition to the mother-infant behavioral dataset, we used data from all-day focal follows to identify a male's first mating attempt with a maximally-tumescent adult female. Field assistants follow one chimpanzee each day, usually from night nest to night nest and collect continuous data that includes all occurrence mating behavior (Goodall, 1986; Wilson, 2012) . The research team has the goal of collecting one HEINTZ ET AL. | 3 of 9 follow on each focal chimpanzee per month. This study was approved by the Research Committee at the Lincoln Park Zoo (Chicago, IL) and is in accordance with the American Society of Primatologists principles for the ethical treatment of primates.
| Behavioral metrics
We calculated percentage of time engaged in social play by dividing the total minutes of social play by the total observation minutes (excluding the minutes recorded as bad observation) in a period of interest, multiplied by 100. We then investigated the relationship between percentage of time engaged in social play and the first observed occurrence of indicators of either motor or social development (Lonsdorf et al., 2014) . To limit any error that could result from uneven sampling in determining milestone attainment, we implemented strict inclusion criteria based on observations prior to the first occurrence of a behavior, as described below.
Riding dorsally on the mother's back during travel requires core strength and balance and is the main method of riding on the mother (as opposed to clinging ventrally) once this milestone is achieved. Although riding dorsally for the first time can be observed as early as 17 weeks (Goodall, 1968 (Goodall, , 1969 , the average age infants begin dorsally riding was reported to be between 5-7 months of age (Goodall, 1968) . Since dorsal riding occurs much earlier than the other milestones, we limited analyses of dorsal riding data to individuals that were observed for at least 20 hr from 0 to 1 years of age and also were observed for at least 5 hr within 3 months prior to the milestone. As such, we compared achievement of this milestone to percent of play during the first year only.
All subsequent developmental milestones (independent travel, spatial independence, grooming, and first mating attempt) occurred in the 1-3 year age range, when social play was most frequent. Infant chimpanzees first begin to walk as early as 17 weeks of age (Goodall, 1968) . As infants develop, they walk intermittently during play, eating, or other behaviors. However, consistent and sustained traveling (when mother is also traveling) occurs later in infancy and is a useful and appropriate metric to assess motor development with infant chimpanzees. Independent traveling has been defined as "individuals traveling extensively by themselves" (Greengrass, 2005) and occurs in chimpanzees as early as 2.25 years but riding remains a frequent mode of travel until after 5 years of age (Doran, 1997; Lonsdorf et al., 2014) or when the next sibling is born.
Over the course of development, infants progressively increase the distance and time spent away from their mother (Plooij, 1984) . As primate infants grow, they increasingly initiate the majority of making and breaking contact and proximity to their mother (Deng & Zhao, 1991; Forster & Cords, 2002; Rijt-Plooij & Plooij, 1987) . Chimpanzee infants are initially entirely dependent on their mother (Bloomsmith et al., 2003) and do not break contact until between 12-24 weeks of age (Goodall, 1968; Rijt-Plooij & Plooij, 1987) . Therefore, distance from the mother can be considered a social milestone because it indicates social independence and exploration.
We examined when an infant first groomed another individual excluding the mother and maternal kin, as a measure for social development. Grooming behavior is an important social tool in most primates for establishing and maintaining social bonds (reviewed in Lehmann, Korstjens, & Dunbar, 2007) . During development, infant chimpanzees are groomed primarily by their mothers and first begin grooming their mother approximately between 25 and 30 weeks of age (Goodall, 1968) . Grooming frequency increases later in infancy (Lonsdorf et al., 2014) and becomes more important during the juvenile and adolescent life stages (Pusey, 1990) .
Infant male chimpanzees also develop some sociosexual behavior by the age of 1 year (Goodall, 1968; Pusey, 1990) . While these males are not reproductively mature, this early experience may be important for developing proper mating technique and behavior, as has been found in rhesus monkeys (Macaca mulatta) (Goy & Wallen, 1979) .
Females generally do not mate until adolescence, which corresponds to the timing of female-biased dispersal (Pusey, 1990) .
We calculated play metrics over the entire 1-3 year age range to maximize the number of focal observations used to calculate play frequency; previous studies have demonstrated that play frequency does not vary by age in this time period (Heintz, 2013) . For these milestones, we only included individuals that were observed for at least 50 hr across the 1-3 year age range, observed at least once every 6 months, and observed for at least 5 hr within 3 months prior to the milestone. We defined these milestones as follows:
1. Independent traveling: The first observed occurrence of the infant traveling for a continuous 3-min bout while the mother was also traveling. This milestone accurately represents a sustained traveler because it would require developed motor skills, strength, and stamina.
2. Spatial independence: The first observed occurrence of the infant exceeding a distance of 5 m from its mother. This milestone is associated with social development because it is a measure of when the infant is comfortable being at a significant distance from its mother. We took care to ensure that these instances were not spurious (e.g., the result of brief social excitement) by confirming that the infant was engaged in play, eating or travel, was not showing distress, and its separation from the mother was not related to aggression.
3. Social grooming: The first observed occurrence of the infant grooming an individual other than the mother or a maternal sibling.
4.
Mating: The first observed mating attempt by males toward fully tumescent females (>12 years) that were not maternal relatives. We extracted mating data from both long-term datasets described above, each of which record mating-related behaviors opportunistically.
| Statistical analyses
We used Spearman rank correlations to compare age of achievement of developmental milestones to social play percentage due to non-normally distributed data. All non-parametric analyses were analyzed using Systat version 11 (Systat Software, Inc., Chicago, IL). During preliminary analyses, we used GLMMs to examine whether inclusion of multiple offspring from the same mothers impacted our results; it did not. The explanatory power of those models was less than that of the simpler correlation approach as described above.
| RESULTS
Each milestone has sample sizes specific to the analysis based on individuals that met our sampling criteria during the period of achieving the milestone. We list the average age and range of milestones in Table 1 .
| Physical development milestones
The dorsal riding milestone was negatively correlated with social play between 0 and 1 years (Figure 1 ; p = −0.436, n = 21, p = 0.047). Similarly, the independent traveling milestone was negatively correlated with social play across the 1-3 year age range (Figure 2 ; p = −0.558, n = 21, p = 0.009). (We also examined traveling bouts of 2 and 4 min. We found a similar pattern of correlation between independent traveling and social play for each choice of traveling bout durations that we examined).
| Social development milestones
The spatial independence milestone was negatively correlated with social play across the 1-3 year age range (Figure 3 ; p = −0.582, n = 13, p = 0.035). We found a negative trend (Figure 4 , p = −0.507, n = 15, p = 0.052) between the grooming milestone and social play across the 1-3 year age range. First mating attempt was only assessed for males because we did not have the necessary sample size to examine it in females given that females typically disperse around the time of sexual maturity. Males achieved this milestone at a younger age when they played more across the 1-3 year age range ( Figure 5 ; p = −0.762, n = 8, p = 0.021).
| DISCUSSION
We found that percent of time spent in social play in wild chimpanzees correlated with both motor and social developmental milestones. In fact, infants that engaged in more social play achieved these milestones at an earlier age. These findings are the first study in non-human apes to demonstrate a relationship between play behavior and developmental milestones that may have downstream effects on fitness.
Our results demonstrated that social play was related to two measures of physical development, namely, riding dorsally and independent travel. The average age at which infant chimpanzees began to ride dorsally was approximately 6 months. This milestone was negatively associated with social play percentage between 0 and 1 years of age, suggesting that individuals that played more frequently during early infancy begin riding dorsally at a younger age. Play behavior could contribute to the development of necessary strength and coordination to begin riding dorsally. Similarly, social play was negatively correlated with traveling independently across the 1-3 year age range.
We found that infant chimpanzees that engaged in more social play also became spatially independent from their mothers at an earlier age. Potentially, the unexpected nature of social play (Spinka et al., 2001 ) might serve as training to enable infants to adjust their behavior and emotions flexibly and adaptably to the challenges of varied and unpredictable social situations or to practice generating creative solutions to challenges (Bateson & Martin, 2013) . Problems of such high physical-cognitive complexity almost surely require creative thinking, and encounters of this general type may well be risker when the infant is spatially farther from their mother.
While the negative relationship between social play and the grooming developmental milestone was limited to a trend, grooming is an important social tool for establishing and maintaining social bonds (Cords, 2002; Silk, Altmann, & Alberts, 2006) . Non-maternal social bonds in chimpanzees can last for more than 10 years (Mitani, 2009) , so social bonds established during infancy through social play or grooming could potentially persist into adulthood and provide critical alliances as males climb the social hierarchy. Additionally, the development of social bonds and social skills is important for females as they prepare for emigration (Foerster et al., 2015) . Future studies should consider the long-term utility of play relationships.
Finally, we found that social play in male infant chimpanzees was correlated with earlier mating attempts. This early practice could be very important for developing reproductive skills and strategies that may have downstream effects on adult male fitness. For example, in rhesus monkeys, early mounting experience in juveniles is a strong determinant of mating success as adults (Goy & Wallen, 1979) .
We cannot establish the direction of causality linking play with motor or social development. It is equally possible that stronger or bolder infants play more or that playing enhances physical or social development. To distinguish between these main effects and to investigate their possible interaction, future studies could assess baseline physical measures before the onset of play behavior, but this approach would be most feasible in a captive setting that offered a higher degree of control and access to animals (Berghanel et al., 2015) .
In rats, it has been demonstrated that lack of play opportunities negatively impacts social competence and related neural systems (Burleson et al., 2016; Schneider et al., 2016) . These findings provide some support for a causal process between the correlations found between social play and the achievement of motor and social milestones in chimpanzees.
Overall, our results suggest that there is an important relationship between social play and development milestones for infant chimpanzees. In particular, these results provide support for both the motor development (Byers, 1998; Byers & Walker, 1995) , and social development (Poirier & Smith, 1974) hypotheses. While our analysis was cross-sectional in nature, ongoing research is examining within-individual correlations between these and other milestones. Individuals that learn and develop faster as infants may potentially also be more successful later on and better equipped to handle unexpected situations (Spinka et al., 2001) . Measuring unexpected situations in the field is challenging but our measure for spatial independence may be a good proxy. Previous hypotheses have suggested that play behavior has long-term benefits, such as increased reproductive success (Ahloy Dallaire & Mason, 2017; and increased survival (Cameron et al., 2008; Fagen & Fagen, 2009; Théoret-Gosselin et al., 2015) . However, the benefits of play may also be shorter-term and occur earlier in development (Berghanel et al., 2015; Martin & Caro, 1985) . For the current study, we combined all social play, however, it is likely that specific types of play can benefit age/sex classes differently such as play parenting in female lowland gorillas (Gorilla gorilla gorilla) (Meder, 1990) or rough-and-tumble play in rhesus macaques (Brown & Dixson, 2000) . to navigate through their complex and dynamic social environment (Joffe, 1997) . Social play can provide a safe platform to develop and evaluate motor skills and social relationships. These short-term benefits of play can help accelerate normal development and give individuals a social head start that could ultimately impact dominance (Blumstein et al., 2013) and reproductive success . Indeed, a study in Assamese macaques found that both play frequency and intensity predicted motor development (Berghanel et al., 2015) . Play is just one type of behavioral category that is intermixed with other behaviors during development (Caro, 1988) . Nevertheless, there is accumulating evidence that play has both short-term and potentially long-term motor and social benefits (Palagi, 2011; Pellis & Pellis, 2016) .
FIGURE 5
Relationship between male social play percentage and age of first mating attempt with an adult female. Each data point represents one individual. Best-fit lines are least squares regressions
